(75 mM, pH 8.4 or pH 7.4), 8 mM MgCl 2 , 2.5 mM TCEP, 1 mg/mL BSA, 10% (v/v) DMSO at 20 or 37 °C for 4 hours. Assays were quenched with acetonitrile containing 0.1% TFA (50 µL) and directly subjected to LC-ESI-MS analysis. The proportion of sugars attached to the aglycone was assessed by comparing the intensity of the m/z signal for the appropriate products. Controls were performed to correlate relative m/z intensities to absolute concentration differences.
Kinetic analysis of GtfAH1
Assays were performed in a total volume of 50 µL for acceptor concentrations of over 10 µM. GtfAH1 (0.3 -5 µM) was incubated with glycopeptide acceptor (10 -500 µM) and UDP-GlcNAc (100 -3000 mM) in Tris-HCl (75 mM, pH 7.4), 8 mM MgCl 2 , 2.5 mM TCEP, 1 mg/mL BSA, 10% (v/v) DMSO at 37 °C for 6 -150 mins. Assays were quenched with acetonitrile containing 0.1% TFA (50 µL) and directly subjected to LC-ESI-MS analysis.
Assays were performed in a total volume of 500 µL for acceptor concentrations of under 10 µM and then quenched with acetonitrile containing 0.1% TFA (500 µL). The total volume was then reduced to approximately 100 µL using a Savant SPD131DDA SpeedVac Concentrator (Thermo Electron Corporation) and samples were then subjected to LC-ESI-MS analysis. Reaction velocities were measured by monitoring the starting material and product ion currents (differential ionisation was controlled for). All assays were performed in triplicate. Kinetic parameters were generated by curve-fitting using Origin 7 (OriginLab).
ITC analysis
In a solution of sodium phosphate (75 mM, pH 7.5), 8 mM MgCl 2 , 1 mM TCEP, 10% (v/v) DMSO and 1 mM NDP, DVV (0.875 mM) was titrated into GtfA or GtfAH1 (0.125 mM) at 37 °C. Experiments were run on a MicroCal VP-ITC MicroCalorimeter and Origin 7 (OriginLab) was used for all data analysis and curve fitting.
Crystallization
The protein was crystallized using vapour diffusion by the hanging drop technique using a protein concentration of 10 mg/mL. Equal parts of crystallization solution and protein solution were mixed forming drops of 2 µL. The crystals were obtained in 0.1 M Tris-HCl, pH 8.5 and 1.2-2.0 M ammonium sulphate. To facilitate data collection at 100 K, these crystals were cryo-protected using the well solution in the presence of 30% v/v glycerol.
Co-crystallization with UDP-GlcNAc was performed using concentrations of five to ten higher than the molar concentration of the protein.
X-ray data collection, structure determination and refinement for GtfAH1:UDP X-ray data to 1.15 Å resolution were collected at European Synchrotron Radiation Facility synchrotron (Grenoble, France) for a single unique crystal. The data were processed and scaled using the programs Mosflm 9 (Laue, 2001) probe. The refinement was performed using the program REFMAC5 (Murshudov et al., 1997 ) from the CCP4 suite (Collaborative Computational Project, Number 4, 1994) and visual inspection and manual rebuilding was achieved using the programs XtalView/Xfit (McRee, 1999) and Coot version 0.3.1 (Emsley et al., 2004) . The water molecules were added manually using program XtalView (McRee, 1999) . The final structure presents one monomer of GtfAH1, one molecule of UDP, 4 molecules of phosphate and 608 solvent molecules. The structure has a final R factor and R free of 17.1 and 18.5%. Table 3 summarises the statistics of the refinement.
X-ray data collection, structure determination and refinement for GtfAH1:UDP-2F-Glc X-ray data to 1.30 Å resolution were collected at European Synchrotron Radiation Facility synchrotron (Grenoble, France) for a single unique crystal. The data were processed and scaled using the programs Mosflm 9 Laue, 2001) and Scala from the CCP4 suite (Collaborative Computational Project, Number 4, 1994) , respectively. The crystal belongs to space group C222 1 , with cell parameters a = 111.5, b = 129.8, and c = 67.4 Å. The structure was solved by molecular replacement using AMoRe from the CCP4 suite (Collaborative Computational Project, Number 4, 1994) . The atomic coordinates of the GtfAH1:UDP were used as the molecular replacement search probe.
The refinement was performed using the program REFMAC5 (Murshudov et al., 1997) from the CCP4 suite (Collaborative Computational Project, Number 4, 1994) and visual inspection and manual rebuilding was achieved using the programs XtalView/Xfit (McRee, 1999) and Coot version 0.3.1 (Emsley et al., 2004) . The water molecules were added manually using program XtalView (McRee, 1999) . The final structure presents one monomer of GtfAH1, one molecule of UDP-2F-Glc, 2 molecules of phosphate and 630 solvent molecules. The structure has a final R factor and R free of 16.4 and 18.4%. could not be identifid in these cases. The full alignment was performed for 136 GT-B bacterial natural product glycosyltransferases using ClustalW2 (Gonnet matrix) (Larkin et al., 2007) . The data is illustrated using ESPript 2.2 where residues that possess at least 60% similarity are boxed blue and coloured red. 
UDP-2F-Glc

Figure S8
The GT-B bacterial natural product glycosyltransferases that contain a (D/E)Q motif. Alignment parameters are identical to those listed for Figure S3 .
Figure S9
Multiple sequence alignment of GtfAH1 with all wild-type glycopeptide glycosyltransferases using ClustalW2 (Gonnet matrix) and illustrated using ESPript 2.2. Proteins that utilise glucose-like sugars are coloured black and proteins that utilise vancosamine-like sugars are coloured red. Residues that possess at least 70% similarity are boxed blue and coloured red. Identical residues are in white text on a red background and residues that are involved in 2-deoxy-2-fluoro-glucose binding are in white text on a blue background. C-domain regions that significantly differ between vancosaminyl transferases and glucosyl/Nacetylglucosaminyl transferases are coloured yellow.
